Abstract. The formalism for the interaction of vector mesons with baryons within the local hidden gauge formalism is presented and it is shown to lead to a large amount of dynamically generated baryonic resonances, many of which can be associated to known states, while others represent predictions for new resonances.
INTRODUCTION
The use of unitary techniques in coupled channels of mesons and baryons, combined with the chiral Lagrangians which provde the basic interaction has proved to be an efficient tool to face many problems in Hadron Physics. Using this so called chiral unitary approach the interaction of the octet of pseudoscalar mesons with the octet of stable baryons has been studied and leads to J P = 1/2 − resonances which fit quite well the spectrum of the known low lying resonances with these quantum numbers [1, 2, 3, 4, 5] . Similarly the interaction of the octet of pseudoscalar mesons with the decuplet of baryons also leads to many resonances that can be identified with existing ones of J P = 3/2 − [6, 7] . New resonances are sometimes predicted, the most notable being the Λ(1405), where all the chiral approaches find two poles close by [8, 9, 10, 11, 12, 13, 14] , rather than one, for which experimental support is presented in [15, 16] . Another step forward in this direction has been the interpretation of low lying J P = 1/2 + states as molecular systems of two pseudoscalar mesons and one baryon [17, 18, 19, 20, 21] .
Much work has been done using pseudoscalar mesons as building blocks, but the consideration of vectors instead of pseudoscalars is recently catching up. In the baryon sector the interaction of the ρ ∆ has been recently addressed in [22] , where three degenerate N * states and three degenerate ∆ states around 1900 MeV , with J P = 1/2 − , 3/2 − , 5/2 − , are found. The underlying theory for this study is the hidden gauge formalism [23, 24, 25] , which deals with the interaction of vector mesons and pseudoscalars respecting chiral dynamics, providing the interaction of pseudoscalars among themselves, with vector mesons, and vector mesons among themselves. It also offers a perspective on the chiral Lagrangians as limiting cases at low energies of vector exchange diagrams occurring in the theory. The extrapolation to SU(3) with the interaction of the vectors of the nonet with the baryons of the decuplet has been done in [26] .
In the meson sector, the interaction of ρρ within this formalism has been addressed in [27] , where it has been shown to lead to the dynamical generation of the f 2 (1270) and f 0 (1370) meson resonances. The extrapolation to SU(3) of the work of [27] has been done in [28] , where many resonances are obtained, some of which can be associated to known meson states, while there are predictions for new ones.
In this talk we present the results of the interaction of the nonet of vector mesons with the decuplet of baryons [26] and with the octet of baryons [29] , which have been done using the unitary approach in coupled channels. The scattering amplitudes lead to poles in the complex plane which can be associated to some well known resonances. Under the approximation of neglecting the three momentum of the particles versus their mass, implicit in the chiral Lagrangians, we obtain degenerate states of J P = 1/2 − , 3/2 − for the case of the interaction with the octet of baryons and J P = 1/2 − , 3/2 − , 5/2 − for the case of the interaction with the baryons of the decuplet. This degeneracy seems to be followed qualitatively by the experimental spectrum, although in some cases the spin partners have not been identified.
FORMALISM FOR VV INTERACTION
We follow the formalism of the hidden gauge interaction for vector mesons of [23, 24] (see also [30] for a practical set of Feynman rules). The Lagrangian involving the interaction of vector mesons amongst themselves is given by
where the symbol stands for the trace in the SU(3) space and V µν is given by
with g given by g =
M V
2 f with f = 93 MeV the pion decay constant. The magnitude V µ is the SU(3) matrix of the vectors of the nonet of the ρ
The interaction of L III gives rise to a contact term coming from
and on the other hand it gives rise to a three vector vertex from
In this latter case one finds an analogy with the coupling of vectors to pseudoscalars given in the same theory by
where P is the SU(3) matrix of the pseudoscalar fields.
In a similar way, we have the Lagrangian for the coupling of vector mesons to the baryon octet given by [31, 32] 1
where B is now the SU(3) matrix of the baryon octet [33, 34] . Similarly, one has also a lagrangian for the coupling of the vector mesons to the baryons of the decuplet, which can be found in [35] . With these ingredients we can construct the Feynman diagrams that lead to the PB → PB and V B → V B interaction, by exchanging a vector meson between the pseudoscalar or the vector meson and the baryon, as depicted in Fig.1 .
By looking at the Lagrangian of eq. (5) we see that the field V ν cannot correspond to an external vector meson. Indeed, if this were the case, the ν index must be spatial, because ε 0 is zero in the limit of zero three momentum, and then the partial derivative ∂ ν leads to a three momentum of the vector mesons which are neglected in the approach. Then V ν corresponds to the exchanged vector and the analogy with the pseudoscalar and vector interaction is much closer (see Eq. (6). Actually, they are formally identical substituting the octet of pseudoscalar fields by the octet of the vector fields, with the additional factor ε ε ′ in the case of the interaction of the vector mesons. Note that ε µ ε µ in Eq. (5) becomes − ε ε ′ and the signs of the Lagrangians also agree.
A small amendment is in order in the case of vector mesons, which is due to the mixing of ω 8 and the singlet of SU(3), ω 1 , to give the physical states of the ω and the φ . In this case, all one must do is to take the matrix 1 Correcting a misprint in [31] elements known for the PB interaction and wherever P is the η 8 multiply the amplitude by the factor 1/ √ 3 to get the corresponding ω contribution and by − 2/3 to get the corresponding φ contribution. Upon the approximation consistent with the neglect of the three momentum versus the mass of the particles (in this case the baryon), we can just take the γ 0 component of eq. (7) and then the transition potential corresponding to the diagram of fig 1(b ) is given by
where k 0 , k ′0 are the energies of the incoming and outgoing vector mesons. The same occurs in the case of the decuplet. The C i, j coefficients of eq. (8) can be obtained directly from [2, 36, 37] with the simple rules given above for the ω and the φ , and substituting π by ρ and K by K * in the matrix elements. The coefficients are obtained both in the physical basis of states or in the isospin basis. Here we will show results in isospin basis. The coefficients for the case of the decuplet can be found in [7] .
The next step to construct the scattering matrix is done by solving the coupled channels Bethe Salpeter equation in the on shell factorization approach of [2, 3] 
with G the loop function of a vector meson and a baryon which we calculate in dimensional regularization using the formula of [3] and similar values for the subtraction constants. The G function is convoluted with the spectral function for the vector mesons to take into account their width. The iteration of diagrams implicit in the Bethe Salpeter equation in the case of the vector mesons propagates the ε ε ′ term of the interaction, thus, the factor ε ε ′ appearing in the potential V, factorizes also in the T matrix for the external vector mesons.
RESULTS
In this section we show results for the amplitudes obtained in the attractive channels mentioned above. Since the spin dependence only comes from the ε ε ′ factor and there is no dependence on the spin of the baryons, the interaction for vector-baryon states with 1/2 − and 3/2 − is the same and then we get two degenerate states each time with the two spins. In the case of the decuplet we get degeneracy for 1/2 − , 3/2 − , 5/2 − .
We summarize the results in the two Tables below. As one can see in Table 1 there are states which one can easily associate to known resonances. There are ambiguities in other cases. One can also see that in several cases the degeneracy in spin that the theory predicts is clearly visible in the experimental data, meaning that there are several states with about 50 MeV or less mass difference between them. In some cases, the theory predicts quantum numbers for resonances which have no spin and parity associated. It would be interesting to pursue the experimental research to test the theoretical predictions.
The results for the decuplet, summarized in Table 2 , are equally interesting. We observe here that one gets ∆ states as well as N * , some of which can be clearly identified with known resonances. It is also nice to see the spin degeneracy present in N * , ∆ and Σ experimental data. The predictions made here for resonances not observed should be a stimulus for further search of such states. In this sense it is worth noting the experimental program at Jefferson Lab [38] to
